recent findings [8] [9] [10] [11] and those of a Japanese study 12 on immune-related genes (ie, FCGR2A, IGHV, BLK, and CD40), which were identified to be responsible for KD susceptibility. Furthermore, examination of the gene expression profile in the peripheral blood mononuclear cells and urine proteomics supported the hypothesis that cytokine regulators and inflammatory molecules may be associated with KD pathogenesis. [13] [14] [15] [16] [17] Several studies have identified that cytokines and immunoregulatory molecules are associated with KD. The average level of serum interleukin (IL)-6 was found to be elevated in patients with acute KD, 18, 19 the Th-1/Th-2 cytokine profile was associated with CAAs in patients with KD, 5, 20 and the genetic polymorphism in IL-18 has been shown to increase the KD risk. 21 Furthermore, the increase in the meprin A and filamin C levels in the urine of patients with acute-phase KD may be potential markers that could aid in KD diagnosis. 13 Although numerous studies have shown that the expression of multiple genes can be upregulated in acute KD, the differentiation of patients with KD from those with non-KD-related fever in a simple and reliable way remains a challenge. The difficulty in KD diagnosis could be related to the shared inflammatory pathways between a KD and non-KD fever. Nonetheless, there may be unidentified plasma proteins that can act as sufficiently sensitive and specific diagnostic biomarkers for clinical use in diagnosing KD among febrile subjects.
To identify KD-specific effector molecules, we globally analyzed the profiles of cytokines, chemokines, and cell adhesion molecules (CAMs) in patients with KD. This study aimed to identify a protein biomarker that can be used to facilitate the early diagnosis of KD.
Methods

Ethical Statement
The study was approved by the Institutional Review Board and the Ethics Committee of the Institution Review Board of the China Medical University Hospital, Kaohsiung Chang Gung Memorial Hospital, and Academia Sinica in Taiwan. Written informed consent was obtained from the subjects or their parents.
Patients
We enrolled 214 Han Chinese children with a fever and clinical features suggestive of KD. Of those, only 100 were eventually diagnosed with KD. The demographic and clinical characteristics of these children are shown in Table 1 , and final diagnoses of the 114 children with non-KD are shown in Online Table 1 .
The children participating in the study were recruited in Taiwan from medical centers in different geographical areas-the Chang Gung Memorial Hospital Systems including 4 hospitals in the southern and northern part of Taiwan and the China Medical University Hospital Medical Center, including 3 regional hospitals in the central part of Taiwan. KD was diagnosed using known clinical diagnostic criteria. 22, 23 Of the 100 patients with KD, 37 were included in the study's discovery phase, 40 in the replication phase, and 23 in the blinded validation phase, which included 3 patients with incomplete presentation of KD (defined as the presence of ≤4 principal symptoms of the Japanese criteria).
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Multiplex Analysis and Quantification of Cytokines, Chemokines, and CAMs
Fresh heparinized blood samples that were obtained from the study subjects were centrifuged at 2000g for 10 minutes. Then the plasma samples were extracted from the aliquots and were stored at −80°C for further analysis. Samples were run in duplicate using the Bio-Plex Pro Human Th-17 Cytokine Panel 15-Plex (Bio-Rad, Hercules, CA). The complete list of cytokines (IL-1β, IL-4, IL-6,  IL-10, IL-17A, IL-17F, IL-21, IL-22, IL-23, IL-25, IL-31, IL-33,  IFN-γ, sCD40L , and tumor necrosis factor-α) was quantified in these cohorts, and their detection limits and reproducibility were provided in the product manual. Fifteen distinct sets of fluorescently dyed beads loaded with capture monoclonal antibodies specific for each cytokine were used. The signal was measured and quantified using the Bio-Plex Protein Array System (Bio-Rad). Assays were performed using Bio-Plex Protein Array System integrated with Bio-Plex Manager Software, version 3.0 (Bio-Rad). Reporter conjugate emission wavelengths were adjusted using the Bio-Plex Calibration Kit (Bio-Rad). Fluidics performance, consistent optical alignment, doublet discrimination, and identification of individual bead signatures were validated using the Bio-Plex Validation Kit, version 3.0 (Bio-Rad). For the initial screening, plasma from 6 patients with KD was examined using human protein array (AAH-CYT-G8-8; Raybiotech Inc, Norcross, GA), which assesses 54 chemokines and CAMs to identify proteins showing an upregulated expression in KD. The complete chemokine/CAM names are 
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Flow Cytometry
The peripheral blood mononuclear cells were isolated from the heparinized blood by Ficoll-Isopaque density gradient separation (Pharmacia Fine Chemicals, Uppsala, Sweden). Immunophenotypic analyses were performed using distinct fluorochrome-conjugated monoclonal antibodies that recognize human CD3 (UCHT1; BD Biosciences, San Jose, CA) or CXCR3 (1C6/CXCR3; BD Biosciences). After the peripheral blood mononuclear cells, cells were incubated with dilute antibody (1:200) for 1 hour at room temperature, they were examined by multicolor flow cytometry using a FACS Calibur device (BD Biosciences). Data were obtained using CellQuest acquisition software (BD Biosciences), and 0.5 to 2.0×10 6 events were recorded for analysis in each experiment.
Statistical Analysis
Statistical significance was assessed using unpaired Student t test and the Prism4 software (GraphPad, San Diego, CA). Receiver-operating characteristic curve analysis was performed using SAS software, version 9.3 (SAS Institute Inc, Cary, NC). The receiver-operating characteristic curve plots sensitivity and 1−specificity and provides a summary of sensitivity and specificity across a range of cutoff points for a continuous predictor. Between-group differences were determined using ANOVA and logical regression analysis. The optimal cutoff value of each candidate biomarker was determined as the sum of its maximum sensitivity and specificity.
Results
Plasma Profile: The Discovery Study
Using the cytokine multiplex system and protein array, 69 inflammatory cytokines were analyzed in total. In the initial screening, the plasma levels of 15 cytokines in 20 non-KD febrile controls and 37 patients with KD were determined. The levels of IL-17F and sCD40L were significantly higher in the patients with KD than in the febrile controls ( Figure 1A -1O). Only 1 cytokine, IL-33, was found to be downregulated ( Figure 1 ). A-O, Plasma cytokine levels are measured in non-KD febrile controls (n=20) and patients with KD (n=37) using the Bio-Plex system. P-R, The levels of plasma E-selectin, myeloid progenitor inhibitory factor 1 (MPIF-1), and IFN-γ-inducible protein 10 (IP-10) identified from the protein array are determined by ELISA in the febrile controls (n=20) and KD cases (n=37 For the remaining 54 inflammatory chemokines and CAMs, a proteomics approach was used to identify candidate biomarkers in a set of plasma samples obtained during the acute phase in 6 patients with KD randomly selected from the discovery phase. These data were compared with those of the controls with a non-KD fever and skin rash. The average expression levels of 10 cytokines or CAMs were ≥1.3-fold higher in the patients with KD than in the controls (Online Table II ). Among these 10 proteins, IL-9, IP-10, E-selectin, and MPIF-1 showed an increase in the average expression of ≥2-fold in patients with KD, and this result was found in all 6 patients tested. Furthermore, the PDGF-AA, IL-2R-α, CD14, IGF-II, and Siglec-5 genes were downregulated in the patients with acute-phase KD, showing a ≥1.8-fold decrease (<60%, data not shown) compared with the controls. ELISA was then conducted with a larger sample size (20 non-KD febrile controls and 37 patients with KD) to quantify candidate biomarkers (IL-9, IP-10, E-selectin, and MPIF-1). Consistent with the protein array data for the patients with acute-phase KD, there were significant increases in the IP-10, MPIF-1, and E-selectin levels ( Figure 1P-1R) . However, the increase in the IL-9 levels became insignificant when the sample size increased (data not shown). Among the 6 candidate KD biomarkers (IL-17F, IL-33, sCD40L, E-selectin, MPIF-1, and IP-10), IP-10 showed the most significant increase in patients with KD (3037±226.7 pg/mL) compared with the controls (672±130.4 pg/mL; values in patients with KD versus values in non-KD febrile controls; P=4.1×10 -11 ; Figure 1R ).
MPIF-
IP-10 Levels: The Replication Study and Combined Studies
To validate the role of IP-10 further, a replication study involving an additional 40 patients with KD and 57 non-KD febrile controls was performed. As shown in Figure 2A , this study also showed a significant increase in the IP-10 levels in patients with KD when compared with those in the febrile controls. When the data from the replication study were combined with those of the discovery study (combined studies), the IP-10 level was significantly elevated in 77 patients with KD (3587±210.2 pg/mL) compared with the 77 non-KD febrile controls (921±106.2 pg/mL; values in patients with KD versus values in non-KD febrile controls; P=2.8×10 -20 ; Figure 2B ).
To confirm the role of IP-10 as a biomarker in KD diagnosis further, receiver-operating characteristic curve analyses were performed using values of IP-10 from the combined studies. IP-10 showed an extremely high area under the curve values Figure 2 . Receiver-operating characteristic (ROC) curve for the predictive model of Kawasaki disease (KD) with plasma levels of IFN-γ-inducible protein 10 (IP-10). A, Plasma IP-10 levels are determined in the febrile controls (n=57) and patients with KD (n=40) by using ELISA. B, Those in the febrile controls (n=77) and KD cases (n=77) are also measured using ELISA. The combined data of the febrile controls and patients with KD from the discovery and replication studies are shown. ***P<0.001, unpaired Student t test. Each dot represents the average of 3 determinations with variation <5% (SD/average) from a single individual. On the basis of the combination data, ROC curves of plasma IP-10 levels in patients with KD are plotted against the febrile controls. C, The area under the curve (AUC). The optimal cutoff value of the biomarker (C) was determined as the sum of its maximum sensitivity and specificity. Figure 2C ) when non-KD febrile patients were used as the controls. With a plasma IP-10 level of 1318 pg/mL as the optimal cutoff value, as defined by the sum of maximum sensitivity and specificity, IP-10 showed a high sensitivity (100%) and specificity (77%) compared with the non-KD febrile controls ( Figure 2C ).
Blinded Validation Study
The final study phase was conducted using plasma samples from 60 children who were suspected with KD. The plasma IP-10 levels were measured in samples labeled in a blinded fashion, and the results were unblinded and analyzed. Using a cutoff value of 1318 pg/mL, 29 samples were IP-10 positive and 31 were IP-10 negative. KD was successfully diagnosed in 22 of the 29 IP-10 positive samples (including 2 cases of incomplete presentation of KD); the remaining 7 samples were diagnosed with a non-KD fever (Figure 3) . Of the 31 IP-10 negative samples, 30 were from non-KD febrile controls and 1 was from an incomplete presentation of KD patient. Overall, the IP-10 cutoff value of 1318 pg/mL showed good ability to distinguish between 23 patients with KD and 37 non-KD febrile controls (sensitivity, 96% [22/23] ; specificity, 81% [30/37] ).
Association of Plasma IP-10 Levels With Fever Duration and Intravenous Immunoglobulin Treatment
To determine whether increased IP-10 levels could be detected during the early stage of KD, 37 KD samples obtained within 4 days of onset of fever (mean, 3.4±0.90 days; range, 1-4 days) were examined, and the results were compared with those of 46 samples obtained at a later stage of the disease (mean, 6.0±1.05 days of the onset of fever; range, 5-8 days). IP-10 levels were increased significantly in the early disease stage (3054±331.0 pg/mL; Figure 4A ). Using 1318 pg/mL as the optimal cutoff value, 81% (30) of the 37 patients with KD were identified as being in the early stage (<4 days), whereas 96% (44) of the 46 patients with KD were in the acute stage (>5 days).
IP-10 levels were also examined in 45 patients before and 1 week after the initiation of IVIG treatment. High IP-10 levels before treatment returned to normal with IVIG treatment (before treatment, 3323±224.9 pg/mL; after treatment, 348±64.8 pg/mL; Figure 4B ), except in 1 patient with KD who was resistant to the first round of IVIG treatment and required a second course of therapy. 
Cell Surface Chemokine Receptor CXCR3 in T Cells
IP-10 downregulates the cell surface chemokine receptor CXCR3 in T cells. 24 To determine the downstream effect of increased IP-10 levels in patients with KD, the cell surface expression of CXCR3 in T cells of 6 patients with KD was analyzed. The mean fluorescence intensity of CD3 + T cells was measured, and there was a 3.3-fold decrease in mean fluorescence intensities in patients with acute stage KD when compared with the mean fluorescence intensities of 3 healthy donors ( Figure 5 ). In the recovery stage, the expression levels of CXCR3 were restored to normal (data not shown).
Discussion
Prompt diagnosis and IVIG treatment of KD is important because delays can increase the incidence of CAAs and other devastating cardiac complications. Several previous studies reported increased levels of certain cytokines or cytokine regulators in association with KD, 13, [18] [19] [20] [21] and a haptoglobin phenotype that may help in diagnosis at a late stage has been identified. 25 Although we confirmed the elevation of IL-6 levels compared with healthy controls, this marker was not as specific or sensitive of a predictor of KD when compared with IP-10 because of lack of discrimination in the suspected cases with fevers ( Figure 1 ). Although IL-1β was critical in the development of coronary lesions in a mouse model of KD 26 , the plasma levels of IL-1β were not significantly elevated in the patients with acute KD in the present study (Figure 1) . Increase in meprin A and filamin C levels in the urine of patients with acute-phase KD might be helpful for KD diagnosis using urine samples 13 ; however, their use in the blood is not clear. In the present study, using protein array, we found that a novel KD-specific potential biomarker IP-10 had the strongest association with KD among 69 key immune-associated molecules studied. With 1318 pg/mL as the optimal cutoff, IP-10 was identified as an excellent biomarker for differentiating KD cases from non-KD cases, including subjects who were highly suspected of KD, such as febrile cases with scarlet fever (Online Table 1 ). When compared with the previously reported biomarkers in the blood, IP-10 seems to be the most significant biomarker that can be used as a predictor for KD diagnosis.
Elevated chemokines levels, including IP-10, have been reported in KD when compared with patients with HenochSchonlein purpura. 27 Elevated IP-10 levels have also been observed in other inflammatory diseases, such as infectious diseases and some autoimmune disorders. 28 In addition, IP-10 has been recognized as a potential biomarker for predicting the severity of some diseases, such as hepatitis C virus and rhinovirus infections. However, the levels of IP-10 in these conditions are relatively lower (<500 pg/mL) 29, 30 than those observed in the acute stage of KD in the present study (3587±210.2 pg/mL). Furthermore, these diseases can easily be clinically differentiated from KD.
IP-10 is secreted by several cell types, including monocytes, endothelial cells, and fibroblasts, and can be induced by Th-17-associated cytokines. 31 It shows potent lymphocyte chemotactic activity and binds to a common receptor, CXCR3, whose expression is unregulated on tissue-infiltrating T cells. We found that CXCR3 was downregulated in T cells during the acute stage of KD. The observation that CXCR3 needs IFN-γ for the expression and is localized to sites of inflammation indicates that the IP-10-CXCR3 axis may play an important role in effector lymphocyte recruitment to inflammatory tissue. Previous studies using CXCR3-deficient or IP-10-deficient mice found reduced levels of tissue-infiltrated T cells in several disease models, including inflammation and transplantation. 32, 33 In addition, in vitro studies have shown that CXCR3 ligands can promote the adhesion of lymphoblasts to human endothelial cells. IL-6-triggered STAT3 phosphorylation is an important upstream signal for IP-10 production by macrophages. 34 Therefore, IP-10 further amplifies autocrine IL-6 production by activating B cells to sustain STAT3 signals, which may explain the high levels of IL-6 observed in the plasma samples of patients with acute-phase KD. STAT3 phosphorylation is an indispensable downstream signaling event for the differentiation of macrophages and B cells to immunoglobulin A-secreting plasma cells, which may infiltrate the inflamed tissues of patients with KD. 35 Moreover, the increase in plasma levels of CXCL9, another ligand of CXCR3, in patients with KD (data not shown) supports the notion that activation of the CXCR3 pathway may be important for the development of KD.
In summary, the present study found a significant elevation in the plasma IP-10 levels in patients with acute stage KD. A All tests were performed in duplicate. Internal negative controls were used to determine the cut-off rate for a positive signal. Six KD patients and 2 control (Ctr) subjects were screened using protein arrays. Ctr-1 was a pediatric subject with a non-KD fever. Ctr-2 was a normal healthy subject. Only the KD/Ctr ratios (the average of KD patients/average of ctr cases) of chemokines and CAMs exceeding 1.3 are shown. 
